AbstrAct. Obtaining blood biospecimens presents logistical and financial challenges. As a result, saliva biospecimen collection is becoming more frequent because of the ease of collection and lower cost. This article describes an assessment of two different methods for collecting samples: whole blood and whole saliva samples used further for DNA extraction and HLA genotyping in immunogenic disease on a group of patients registered at our Molecular Genetics Laboratory Faculty of Medicine "Ovidius" University Constanţa. Our data show that only 81% of the requested participants delivered a blood sample, whereas 19% delivered a saliva sample because they refuse the first sampling method. Analysis of purified genomic DNA by Nano Photometer and agarose gel electrophoresis revealed that blood and saliva samples resulted in DNA with the best quality. PCR analysis showed that DNA from 100% of the blood samples and 93% of the saliva samples could be subsequently amplified. Our study shows that the response rate of self-collection saliva samples had to be considering for the patients that have a low response rate of blood sampling. The quality of genomic DNA from saliva samples was comparable with blood samples as assessed by purity, concentration, yield and PCR amplification. We conclude that the use of saliva samples is a good alternative to blood samples to obtain genomic DNA of high quality and it will considerably increase the participant's response rate for genetic studies.
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Introduction
Currently, EDTA-stabilized whole blood is the most common sample type used for obtaining high purity DNA. Blood has proven a very consistent and reliable source of genetic material for many avenues of testing and research, but it can also be a time consuming, expensive and invasive collection method -especially for long term or broad range studies. Scientist are trying to find a comparable source of genetic material, such as saliva, that is more cost effective, more stable and less invasive [1, 2] . Large population-based studies involving thousands of participants are needed in the search for genetic determinants underlying common diseases such as cardiovascular diseases, cancer diseases, osteoporosis, and diabetes. Therefore, increasingly epidemiologic studies are trying to supplement survey data with genomic DNA [3] . However, collection of blood samples may not be feasible in large epidemiologic studies where participants are dispersed all over the country or because the method requires venepuncture done by trained staff, making collection of blood samples prohibitively expensive. Furthermore, study subjects may be reluctant to provide blood samples, thereby reducing participation rates. Therefore, less invasive and more cost-efficient procedures for collecting DNA are needed [4] 
DNA [5] . Recently, a Swedish study has tested a new method for self-collection of saliva, Oragene, and has found that Oragene saliva samples from men is of high quality and can be used as an alternative to blood DNA in epidemiologic studies [6] . The purpose of our study was to evaluate the DNA quantity and quality by using different methods of DNA collection and to assess to what extent the collection of DNA material affects the quality and its use in subsequent applications.
Materials and Methods
The subjects included in this study comprise 152 patients with different immunogenetic affections (diabetes mellitus, autoimmune thiroiditis ) registered at our Molecular Genetics Laboratory Faculty of Medicine "Ovidius" University Constanţa. 28 patients refused blood collections (most of them children) and saliva self collection kit was offered as an alternative. Participants gave written informed consent and provided samples for the collection method specified.
Blood Samples: Venous blood samples were collected in 2 ml EDTA collection tubes and samples were stored at 4°C until DNA extraction.
Saliva Samples: Whole saliva was collected using the Oragene™ DNA self-collection kit following the manufacturer's instruction [7] . Participants were asked to rub their tongues around the inside of their mouths for about 15 sec and then deposit approximately 2 ml saliva into the collection cup. When an adequate sample was collected, the cap was placed on the vial and closed firmly. The collection cup is designed so that solution from the vial's lower compartment is released and mixes with the saliva when the cap is securely fastened. This starts the initial phase of DNA isolation, and stabilizes the saliva sample for long-term storage at room temperature or in low-temperature freezers.
DNA isolation tehnique. For the first method of sampling genomic DNA was extracted from EDTA-anticoagulated venous blood following the manufacturer's instructions with the QIAmp DNA Blood Mini Kit. Briefly Qiagen QIAamp ® DNA Mini Kit, is using spin columns containing a silica-bead membrane where nucleic acids are attracted under high salt concentrations. Furthermore the sample and lysis buffer are added to a sterile tube lysate and is combined with alcohol and placed into the spin columns. The removal of proteins is accomplished using multiple buffer washes and centrifugation steps. Pure DNA is eluted from the membrane into sterile water or TE buffer [10 mmol/L Tris-HCl, 0.1 mmol/L EDTA (pH 8.0)]. The DNA was quantified and stored at −20°C until PCR analysis.
DNA was extracted from saliva samples using the Oragene kit (DNA Genotek) as described by the manufacturer. Briefly, the Oragene saliva sample was incubated at 50°C overnight. Five-hundred-microliter sample was transferred to a 1.5 mL Eppendorf tube, 20 μL of Oragene purifier were added, and the sample was mixed by inversion and incubated on ice for 10 min. The sample was then centrifuged for 3 min at 13,000 rpm at room temperature and the supernatant was transferred to a new tube. Five hundred microliters of 95% ethanol were added; the sample was mixed by inversion at least five times and incubated at 10 min at room temperature. The sample was then centrifuged for 1 min at 13,000 rpm at room temperature, the supernatant was discarded, and the DNA was dissolved in 100 μL TE buffer and quantified. The DNA samples were stored at −20°C until PCR analysis.
DNA quantification and quality determinations. We first compared the quantity and purity of isolated genomic DNA from both the blood and saliva samples. As shown in Table 1 , the purity of genomic DNA extracted from the saliva samples is not significantly different than that from the blood samples. However, the DNA yield from saliva samples is lower when compared to the blood samples.
The concentration of 3 μL DNA sample was determined using NanoPhotometer spectrophotometer (Figure no.1) . Absorbance of ultraviolet light at wavelengths of 230, 260, and 280 nanometers was used to calculate the OD260/OD280 and OD260/ OD230 ratios to compare the ratio of nucleic acid concentration in the sample (OD260) to that of protein and organics (OD280), and salt and alcohol (OD230) contaminants. A ratio of 1.5-2 is generally preferred for the OD260/OD280 ratio (indicating limited protein and organic contamination), and values higher than 1.2 are preferred for the OD260/ OD230 ratio (indicating limited salt and alcohol contamination). Moreover DNA isolated from blood samples and DNA isolated from saliva was loaded on a 1% agarose gel (8μL DNA solution/well) and visualized by ethidium bromide staining. PCR Amplification. The isolated DNA was amplified by ESSO Thermal Cycler PCR (using the protocols according to the manufacturer) to confirm its utility in HLA typing with SequenceSpecific Oligonucleotide (SSO) or SequenceSpecific Primers (SSP). The number and percentage of successful hybridization products obtained by PCR amplifications were recorded for each set of samples and were traced by colorimetric-detection systems (streptavidin-biotin ) for SSO method and by gel electrophoresis for SSP method as presented elsewhere [8] .
Results
All samples were analyzed for concentration (ng/μL), purity (A260/A280 ratios) and yield (μg) on a NanoPhotometer as well as for integrity on a 1% agarose gel.
The estimated amount of total DNA extracted from 200 mL blood samples varied between 3.8 and 8.06 μg with a mean of 5.93 μg, and from 0.5 mL Oragene saliva samples between 1.52 and 8.04μg with a mean of 4.78 μg. DNA quality can be affected by collection method (primarily integrity and protein contamination) and by isolation method (integrity and protein, organic, salt, and alcohol contamination). As shown in Table 1 , mean of median OD260/OD280 ratios for method fell within the criterion range (1.5-2.0), indicating acceptably low protein and organic contamination of the DNA products. The wholesaliva method had somewhat greater overall salt and alcohol contamination (range, 0.66-1.53; median, 1.12)
In PCR amplification all 152 (100%) blood samples and only 17 (93%) saliva samples were amplified. The two saliva samples that could not be amplified had a low concentration DNA, and we had to repeat the extraction with elution in 35 μL TE. Second extraction produced a high enough DNA concentration for subsequent amplification. The DNA was further examined by agarose gel electrophoresis (Figure no.2) . For blood and saliva samples, a visible band of high molecular weight DNA and a smear over a broad size range was observed. 
Discussion
Simple, self-administrated sample collection method, saliva increase participation rates significantly in particular among children or patients that are complying about blood collection method. The mean DNA yield from 200 mL blood was 5.93 μg, whereas 0.5 mL Oragene saliva sample resulted in a mean DNA yield of 4.78 μg, which is lower than recently published data [9] . However, in these studies, DNA was purified from 2 mL Oragene saliva sample. Because the average amount of saliva sample in our study was ~ 4mL (including buffer), we will be able to purify significantly larger amounts of DNA if necessary.
We did not examine the amount of bacterial DNA present in our samples. However, it is well known that buccal and saliva samples are contaminated with bacterial DNA. Bacterial contamination primarily depends on the way the samples are kept after collection. However, the Oragene sample kit contains an antibacterial agent, which prevents the growth of bacteria between the time of collection and the time of DNA purification. Previous studies have shown that swabs/cytobrushes contain only 11% human DNA, whereas mouthwash samples contain 34% to 49% of human DNA. In contrast, saliva samples contained an average human DNA yield of 68% [9] . However, there is concern, of point source microbial contamination inherent in the human saliva and how it may interfere with array genotyping rates, even though the human DNA could be specifically quantified.
The quality of genomic DNA was examined by spectrophotometer, whereas the peak of UV light absorption for DNA is 260 nm, the peak of UV light for proteins is 280 nm, whereas absorption at 230 nm reflects impurities of, for example, carbohydrates, peptides, phenols, buffer salts, and other aromatic compounds. The 260/280 nm ratios from DNA from blood were on average 1.63, whereas the average ratios from DNA from saliva samples were 1.79. This suggests that these samples are contaminated with proteins, which can overestimate the amount of DNA in these samples.
The results show that all blood samples could be amplified, and, whereas 93% of the saliva samples could be amplified. The genotyping result is lower than the recently published result of 96% [9] and the difference could be due to the use of different DNA extraction methods. After repeating extraction for two samples, the entire DNA from the blood and from saliva samples could moreover be genotyped. These results indicate that saliva samples-besides genotyping analysis can be used in mutational screening of disease-causing genes.
Yielding good DNA quality, we suggest that saliva samples are a good alternative to blood samples especially in epidemiologic studies. 
